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$A(x)$ $\mathrm{C}$ $\mathrm{Z}$ 1 $\alpha_{1},$ $\ldots,$ $\alpha_{n}$
$(\alpha_{i}\neq\alpha_{j}\{\forall \mathrm{i}\neq j))$ $A(x)$ Sep(A) Sep(A) $= \min\{|\alpha_{i}-\alpha_{j}||1\leq \mathrm{i}<j\leq n\}$
[Mig92] $\mathrm{Z}$ Sep(A)
Collins Horowitz [CH74] $\mathrm{S}\mathrm{e}\mathrm{p}(A)>\frac{1}{2}e^{-n/2}n^{-3n/2}||A||_{\infty}^{-n}$ ( $||A||_{p}$ $P$ )
Mignotte [Mig92] $\mathrm{S}\mathrm{e}\mathrm{p}(A)>n^{-(n+2)/2}D^{1/2}||A||_{9}^{-(n-1)}$ ( $D$ $A(x)$ )
Collins [ColOl] 1
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4 [TSOO, ST02] 2
[SK05] 4
1(Sasaki and Terui) $\overline{A}(x)$ $\mathrm{C}$
$\overline{A}(x)=\overline{a}_{n}x^{n}+\cdots+\overline{a}_{m+1}x^{m+1}+1\cdot x^{m}+\overline{e}_{m-1}x^{m-1}+\cdots+\overline{e}0$, (1)
$\{$
max{la- nl, $\cdot$ . . , $|\overline{a}_{m+1}|$ } $=1$ ,
$\overline{e}\mathrm{d}\mathrm{e}\mathrm{f}=\max\{|\overline{e}_{m-1}|^{1/1}, |\overline{e}_{m-2}|^{1/2}, \cdot. . , |\overline{e}_{0}|^{1/m}\}\ll 1$ .
(2)
$0<e<1/9$ $\overline{A}(x)$ R-i $D_{\mathrm{i}\mathrm{n}}$ $m$ $\overline{R}_{\mathrm{o}\mathrm{u}\mathrm{t}}\text{ }$ $D_{\mathrm{o}\mathrm{u}\mathrm{t}}$
$n-m$ $D_{\mathrm{i}\mathrm{n}}$ $D_{\mathrm{o}\mathrm{u}\mathrm{t}}$
$\overline{R}_{\mathrm{i}\mathrm{n}(\text{ }\mathrm{u}\mathrm{t})}=\frac{(1+3\overline{e})-(+)\sqrt{(1+3\overline{e})^{2}-16\overline{e}}}{4}$ . (3)








$0<d\ll 1$ , $0<|\overline{e}_{0}|<<1_{\dagger}$
$\max\{|\overline{a}_{n}|, \cdots, |\overline{a}_{3}|\}=\mathrm{i}\overline{a}_{2}|=1$ .
(4)c
2 $\text{\^{e}}=|\overline{e}0|$ $\text{\^{e}}<1/[(2+d)+2\sqrt{1+4}$ $\overline{A}_{2}(x)$ $\hat{R}$in $D_{\mathrm{i}\mathrm{n}}$
$\hat{R}_{\text{ }\mathrm{u}\mathrm{t}}$
$D_{\text{ }\mathrm{u}\mathrm{t}}$ $n-1$
$\ovalbox{\tt\small REJECT}_{\mathrm{i}\mathrm{n}(\mathrm{o}\mathrm{u}\mathrm{t})}=\frac{(1+d\hat{e})-(+)\sqrt{(1+d\hat{e})^{2}-4(1+d)\hat{e}}}{2(1+d)}$ . (5)
2 $\gamma \mathrm{A}$ $n-1$ 5
$\overline{A}_{2}(x)$
$\{$
$\overline{A}_{2}(x)=\overline{a}_{n}x^{n}+\cdots+\overline{a}_{3}x^{3}+x^{2}+\overline{e}_{1}x+\overline{e}_{0}$ , $|\overline{e}_{0}|\neq 0$ ,
$\max\{|\overline{a}_{n^{1,\cdot,|\overline{a}_{3}|\}=1}}‘\cdot\cdot$ , $\overline{e}\mathrm{d}\mathrm{e}\mathrm{f}=\max\{|\overline{e}_{1|}^{1}, |\overline{e}_{0}|^{1/2}\}\ll 1$.
(6)
20
3 $P_{2}(r)$ $=2r^{3}-(1+|\overline{e}_{1}|)r^{2}+(|\overline{e}_{1}|-|\overline{e}_{0}|)r+|e\mathit{0}|$ 2 $\overline{R}_{\mathrm{i}\mathrm{n}},\overline{R}_{\text{ }\mathrm{u}\mathrm{t}}(\overline{R}_{\mathrm{i}\mathrm{n}}<\overline{R}_{\mathrm{o}\mathrm{u}\mathrm{t}})$
$\overline{A}_{2}(x)$ R-i Di 2 $\overline{R}_{\mathrm{o}\mathrm{u}\mathrm{t}}$ $D_{\mathrm{o}\mathrm{u}\mathrm{t}}$ $n-2$
$P_{2}(r)$ 2 2
$\{$
Condition 1: $|\overline{e}_{1}|<|\overline{e}_{0}|$ ,
Condition 2: $R<0$ ,
(7)
$R=|\overline{e}_{\lambda}|^{4}-|\overline{e}_{1}|^{3}(6-2|\overline{e}0|)+|\overline{e}_{1}|^{2}(1-4|\overline{e}_{0}|+|\overline{e}_{0}|^{2})-|\overline{e}_{1}|(26|\overline{e}_{0}|-14|\overline{e}_{0}|)+(4|\overline{e}_{0}|-71|\overline{e}_{0}|^{2}+8|\overline{e}_{1}|^{3})$ . $\text{ }$
3
$A$ $B$ $\mathrm{q}\mathrm{u}\mathrm{o}(A, B),$ $\mathrm{r}\mathrm{e}\mathrm{m}(A, B)$ $A$ $1\mathrm{c}(A)$
$P$ ( ) $||P||$
$A(x)$ $(1\mathrm{c}(A)=1)$
$a_{n}= \max\{|a_{n-1}|, \cdots, |a0|^{1}\}=1$ . (8)
$A(x)$ $\alpha$ $|\alpha|\leq 2$ $A(x)$ 2 $\alpha_{i}$ $\alpha j$ $|\alpha_{\mathrm{i}}-\alpha j|<<1/n$
$\alpha_{\mathrm{i}}$ $\alpha j$
$|\alpha i-\alpha j|$ $A(x)$
$O(\delta_{1}),$
$\ldots,$
$O(\delta_{\tau})(1/n>>\delta_{1}>>\cdots>>\delta_{\tau})$ ( $\tau$ 1 )
$O(\delta_{i})$ $m_{\mathrm{i}}$ O(\mbox{\boldmath $\delta$}
$(\mathrm{i}=1, \ldots, \tau)$ ( )
31 PRS (Polynomial Remainder Sequence)
$P_{1}=A(x)$ , $P_{2}= \frac{1}{n}\mathrm{d}A/\mathrm{d}x,$ $S_{1}=T_{2}=1,$ $S_{2}=T_{1}=0$ $(P_{1} , P_{2}, P_{3}, P_{4}, \cdots)$
$(S_{1}, S_{2}, S_{3}, S_{4}, \cdots),$ $(T_{1}, T_{2}, T_{3}, T_{4}, \cdots)$ $\langle$
$w_{f}$ )
$\{$
$q_{j}$ $:=$ $\mathrm{q}\mathrm{u}\mathrm{o}(P_{j-1}, P_{j})$,
$P_{j+1}$ $:=$ $(P_{j-1}-q_{j}P_{j})fw_{j}$ ,
$S_{\dot{J}+1}$ $:=$ $(S_{J^{-1}}-q_{j}S_{j})/w_{j}$ ,
$T_{j+1}$ $:=$ $(T_{j-1}-q_{j}T_{j})/w_{j}$ ,
$(j=2,3, \ldots)$ . (9)
$wj$ PRS
$\max\{1\mathrm{c}(Sj+1), 1\mathrm{c}(Tj+1)\}=1$ $(j=2,3, \ldots)$ . (10)
$k_{1},$ $k_{2,\}}\ldots k_{T}$
$\deg(P_{k_{i}})=m_{\mathrm{i}}-l_{\dot{\mathrm{t}}}$ $(\mathrm{i}=1,2, \ldots, \tau)$ . (11)
$\deg(P_{k_{i}})$ $p_{i}$ O(\mbox{\boldmath $\delta$} $\mathrm{d}A/\mathrm{d}x$ $P_{k_{i}}$ $A(_{\backslash }x)$
$\mathrm{d}A/\mathrm{d}x$ O(\mbox{\boldmath $\delta$}
PRS ; [SS89],[Sas03]





$||P_{k_{\iota}+1}.||/||P_{k_{i}}||=O(\delta_{\mathrm{i}}^{2})$ ( $P_{k_{i}}$ $A$ $\mathrm{d}A/\mathrm{d}x$
$O(\delta_{i}^{2})$ GCD )
3) $A(x)$ $O(\delta_{1})$ 1 PRS PRS
$j>k_{1}$ $j$ ( ) $||P_{k_{1}+j}||=O(\mathit{5}_{1}^{2j})$
4) $A(x)$ $O(\delta_{1})$ 2 PRS






PRS $A(x)$ PRS ( $\ell_{1}=1$ )






$|\alpha_{\mathrm{c}}’-\alpha_{\mathrm{c}}|=O(\delta^{2})$ $\alpha_{c}’$ \mbox{\boldmath $\alpha$}
PRS $A(x)$ $O(\delta)$ $l$ $(\ell>1)$
$A(x)$ ; $\alpha_{i}’$ $i$ $\tilde{A}(x)$
$C(x)$ .$\text{ }$
$A(x)=\tilde{A}(x)(x-\alpha \mathrm{i})^{\mu_{1}}\cdots(x-\alpha_{l}’)^{\mu\ell}C(x\rangle$ $+O(\delta^{2}),$ $\mu_{1}\geq\cdots\geq\mu\ell$ . (13)
[SN89] $P^{(0)}=A(x)$
$\mathrm{i}=1\Rightarrow 2\Rightarrow\cdots\Rightarrow\mu_{1}$ $\mu_{1}$ :
$\{$
$(P_{1}^{(i)}=P^{(i-1)}, P_{2}^{(i)}=\neg_{P^{\langle \mathrm{i}-1}}^{\mathrm{d}P^{(i-1)}/\mathrm{d}x}\deg()1$ , $\cdot$ . ., $P_{k_{i}}^{(i)}\mathrm{d}\mathrm{e}\mathrm{f}=P^{(i)},$ $P_{1\mathrm{a}\mathrm{s}\mathrm{t}}^{(i)}$ ),
$||P_{j}^{(i)}||=O(\delta^{0})(j\leq k_{i})$ , $||P_{1\mathrm{a}\mathrm{s}\mathrm{t}}^{(i)}||\leq O(\delta^{2})$ .
(14)















$\simeq$ const $\mathrm{x}C(x\}$ .
$\mathrm{q}\mathrm{u}\mathrm{o}(P^{(\mu_{1}-1)}, P^{(\mu_{1})})\approx(x-\alpha_{1}’)\cdots(x-\alpha_{r}’)$ $\mathrm{q}\mathrm{u}\mathrm{o}(P^{(\mu_{l}-1)}, P^{(\mu_{t})})\approx(x-\alpha_{1}’)\cdots(x-\alpha_{\ell}’)$






$B(x)$ (8) $A(x)$ $A(x)$ $B(x)$ $O(\delta)$
$P_{1}=A(x),$ $P_{2}=B(x)$ PRS $||Pk_{1}+1|_{1}^{t}=O(\delta)$
$B(x)= \frac{1}{\deg\langle A)}\mathrm{d}A/\mathrm{d}x$ PRS $||P_{k_{1}+1}||=O(\delta^{2})$ $\mathrm{P}\mathrm{R}\mathrm{S}$
$\mathrm{g}^{\mathrm{B}}$ $A(x)$ $\delta$ \mbox{\boldmath $\alpha$}
$\delta$ \mbox{\boldmath $\alpha$} $\delta$ 5
$\alpha_{\mathrm{c}}’$
$\alpha_{\mathrm{c}}’$ $A(x+\alpha_{\mathrm{c}}’)$
$A(x+\alpha_{\mathrm{C}}’)$ $\mathrm{d}\mathrm{e}\mathrm{f}=A’(x)$ $=$ $a_{n}’\grave{x}^{7}+\cdots+a_{m}’x^{m}+\cdots+a’\mathrm{o}$ . (15)
$A’(x)$ ( [Sas03] )
$|a_{m-1}’/a_{m}’|=O(\delta^{2})$ , $|a_{m-j}’/a\sim|=$ $O(\delta^{j})(j=2,3, \cdots)$ . (16)
$A’(x)$ $x^{m-2_{-}},$ $x^{7n-3}$-, . . ., x$\circ$0 1
1 $1/d= \max\{|a_{m+1}’/a\sim|, |a_{m+2}’/a\sim|^{1/2}, |a_{n}’/a_{m}’|^{1/(n-m)}\}$ $\overline{e}=e/d$ $\overline{e}<1/9$
$\delta$ $\delta$ $\mathrm{n}d$ (R-i (3) )
\mbox{\boldmath $\alpha$} (10)
\mbox{\boldmath $\alpha$} $A(x)$ $P_{k}$
$\{$
$A(x)$ $=$ $a_{\acute{\acute{n}}}(x-\alpha_{\mathrm{c}})^{n}+\cdots+a_{\acute{\acute{m}}}(x-\alpha_{\mathrm{c}})^{m}+\cdots+a_{\acute{\acute{0}}}$ ,
$P_{k}$ $=p_{\acute{\acute{m}}-1}(x-\alpha_{\mathrm{c}})^{m-1}+p_{\acute{\acute{m}}-2}(x-\alpha_{\text{ }})^{m-2}++\cdots+p_{\acute{\acute{0}}}$ .
(17)
2 \mbox{\boldmath $\alpha$} $\alpha_{\mathrm{c}}’$ $|\alpha_{\mathrm{c}}’-\alpha_{\mathrm{c}}|=O(\delta^{2})$
$\alpha_{\mathrm{c}}’-\alpha_{\mathrm{c}}=\frac{-1}{m-1}p_{m-2}’’/p_{m-1}’’$ $\alpha_{\mathrm{c}}$ $a_{m}’’=O\langle\delta^{0}$ ) $a_{m-1}’’=O(\delta^{2})$
[Sas03] $p_{m-1}’’=O(\mathit{5}^{0})$ $p_{m-2}’’=O(\delta^{2})$
34
$C(x)$ $\leq O(\delta)$ $m$ $A(x)$ $C(x)$
( O(\mbox{\boldmath $\delta$}
)
$\alpha_{\mathrm{c}}’$ $\alpha_{\mathrm{c}}’$ (15) $A’(x)=A(x+\alpha_{\mathrm{c}}’)$
$e$ ; $e$ $O(\delta\grave{)}$
$e= \max\{|a_{m-1}’/a_{m}’|, |a_{m-2}’/a_{m}’|^{1/2}, \cdots , |a_{0}’/a_{m}’|^{1/}"\}$ . (18)





$|\overline{a}_{m+1|^{1/1}\}}^{\mathrm{I}}$ , $\max\{|\overline{a}_{m-1}|, \cdot. . , |\overline{a}_{0}|\}=1$ .
(19)
23
$\overline{A}(x)$ $\overline{A}(x)=H(x)C(X),$ $C(x)=x^{m}+cm-1x^{m-1}+\cdots+c_{0\text{ }}$
$H(x)=1+dh_{1}x-\tau d^{arrow 9}|h_{2}x^{2}+\cdots+d^{n-m}h_{n-m}x^{n-m}$ $d$ (19)
$\max${ $|h_{1}|,$ $|h_{2}|,$ $\cdots$ , lh ml}\approx l $d$ $C(x)$ $\overline{A}(x)$ $m$
$x^{m}+\overline{a}_{m-1}x^{m-1}+\cdots+\overline{a}0$ $H(x)$ $C(x)$ $H(x)\approx H^{(0)}=1$
$C(x)\approx C^{(0)}=x^{m}+\overline{a}_{m-1}x^{m-1}+\cdots+\overline{a}0$ $H(X)$ $C(x)$
$C^{(k)}$ $H^{(k)}$ $C(x)=C^{(k)}+O(d^{k+1})$ $H(x)=H^{(k)}+O(d^{k\dagger 1})$
$C^{(k+1)}$ $H^{(k+1)}$ $\overline{A}\langle x$ ) $=H^{(k+1)}C^{(k+1)}-\mathrm{T}^{\mathrm{I}_{-O(d^{k+2})}}$ $C^{(k+1)}=C^{(k)}+\Delta c$
$H^{(k+1)}=H^{(k)}+\Delta_{H}$ $\overline{A}-C^{(k)}H^{(k)}=\Delta_{H}C^{\langle 0)}+\Delta c+O(d^{k+2})$ $\mathrm{d}\mathrm{e}_{b}^{\sigma}(\Delta c)<m$ ,
$\mathrm{d}\mathrm{e}_{b}^{\sigma}(\Delta_{H})\leq n-m$ $C^{(k+1)}$ $H^{(k+1)}$
$\{$
$H^{(k+1)}$ $=$ $H^{(k)}+\mathrm{q}\mathrm{u}\mathrm{o}(\overline{A}-C^{(k)}H^{(k)}, C^{(0)})$ ,
$C^{(k+1)}$ $=$ $C^{(k)}+\mathrm{r}\mathrm{e}\mathrm{m}(\overline{A}-C^{(k)}H^{(k)}, C^{(0)})$ .
(20)
$||C^{(0)}||=1=1\mathrm{c}(C^{(0)})$
1 $A(x)=(x^{2}-1)$ (x-0.30)(x-0.31) $(x-0,35)(x^{2}-0.60x+0.0925)$
$A(x)$ 030 $O(\mathrm{O}.05)$ $\alpha_{\mathrm{c}}’$ PRS
$\alpha_{\mathrm{c}}’=0.31139\cdots$ $\alpha_{\mathrm{c}}’$
$A’(x)\mathrm{d}\mathrm{e}\mathrm{f}=A(x+\alpha_{\mathrm{c}}’)$
$A’(x)$ $=$ $x^{7}+0.61977\cdots x^{6}-0.90334\cdot\cdot\sim x^{5}+0.0030000\cdots x^{4}-0.00010000\cdots x^{3}$
$+0.70895\cdots \mathrm{x}10^{-4}x^{2}+0.11466$ $\mathrm{x}10^{-5}x-0.14589\cdots \mathrm{x}10^{-8}$ .
5 (18) $e$ $e=0.042814\cdots$ $\overline{A}(x)$
$\{$
$\overline{A}(x)$ $=$ $(-0.0020291\cdots x^{2}-0.029374x+1)\cdot x^{5}+C^{(0)}$ ,
$C^{(0)}$ $=$ $x^{5}-0.093589\cdots x^{4}+\cdots+x^{2}+\cdots-0.011226\cdots$ .
$\Delta^{(k)}\mathrm{d}\mathrm{e}\mathrm{f}=\overline{A}-C^{(k\rangle}H^{\langle k)}$
$||\Delta^{(0)}||\approx 2.94\mathrm{x}10^{-2}$ $\Rightarrow$ $|_{1}^{\mathrm{I}}\Delta^{(1)}||\approx 8.00\mathrm{x}10^{-4}$ $\Rightarrow$ $||\Delta^{(2)}||\approx 4.04\mathrm{x}10^{-5}$
$\Rightarrow$ $|||\Delta^{(8)}|||\approx 4.00\mathrm{x}10^{-13}$ $\Rightarrow$ $||\Delta^{(9)}||\approx 1.60\cross 10^{-14}$ .






$\deg(C)=m_{\text{ }}C(x)$ $m$ $\gamma_{1},$ $\ldots,$ $\gamma_{m^{\text{ }}}$ $\gamma_{1}$ $\gamma_{2}$
4.1 $|\gamma_{1}-\gamma_{2}|$
1 $|\gamma_{1}-|\gamma_{2}|$ $C(x)$ $e$
$\{$
$C(x)=$ $x^{m}+\cdots+c_{3}x^{3}+x^{2}+c_{1}x+$ ,
$\max\{|c_{m}|, \cdots, |_{C_{31}^{\iota}}\}=1$ , $e \mathrm{d}\mathrm{e}\mathrm{f}=\max\{|c_{1}|, |c_{0}|^{1/2}\}$ .
(21)
24
4 $\overline{R}_{\mathrm{i}\mathrm{n}}$ e- $e$ 1 $e<1/9$ $|c_{1}^{2}-4c0|/4|c0|>$
$\overline{R}_{\mathrm{i}\mathrm{n}}/(1-\overline{R}_{\mathrm{i}\mathrm{n}})$
$|\gamma_{1}-\gamma_{2}|>$ (22)







$|\gamma_{1}-\gamma_{2}|/(1-2|\gamma|)<|\gamma_{1}-\gamma_{2}|/(1-2\overline{R}_{\mathrm{i}\mathrm{n}})$ . $R(\gamma)=\sqrt{c_{1}^{2}-4c_{0}L(\gamma)}/2L(\gamma)$ . $|R(\gamma_{1})+R(\gamma_{2})|$









$\max\{|c_{m-1}|, \cdots)|c_{2}|\}=1\gg|c_{1}|,$ $|c_{0}|$ ,
$1/d= \max\{|c_{3}/c_{2}|, |c_{4}/c_{2}|^{1/2}, \cdots, |1/c_{2}|^{1/(m-2)}\}$.
(24)
$\sigma=(\gamma_{1}+\gamma_{2})/2$ $\hat{\gamma}=(\gamma_{1}-\gamma_{2})/2$ $H(x)$ $\eta$
$\{$
$C(x)$ $=$ $H(x)\cdot(x-\sigma-\hat{\gamma})(x-\sigma+\hat{\gamma})$ ,
$H(x)$ $=$ $x^{m-2}+h_{m-3}x^{m-3}+\cdots+h_{1}x+h_{0}$ ,
$1/\eta$ $=$ $\max\{|h_{1}/h\mathrm{o}|, |h_{2}/h_{0}|^{1/2}, \cdots, |1/h_{0}|^{1/(m-2)}\}$.
(25)
), $c_{1},$ $c_{2},$ $\cdots$ $h_{0},$ $h_{1},$ $h_{2},$ $\cdots$ $c_{0}=(\sigma^{2}-\hat{\gamma}^{2})h_{0},$ $c_{1}=\langle\sigma^{2}-\hat{\gamma}^{\underline{9}})h_{1}-2\sigma h_{0},$ $c_{j}=(\sigma^{2}-\hat{\gamma}^{2})h_{j}-$
$2\sigma hj-1+h_{j-2}(j\geq 2)$
$\frac{c_{1}}{c_{0}}=-\frac{2\sigma}{\sigma^{2}-\hat{\gamma}^{2}}+\frac{h_{1}}{h_{0}}$ , $\frac{c_{2}}{c_{0}}=\frac{1}{\sigma^{2}-\hat{\gamma}^{2}}-\frac{2\sigma}{\sigma^{2}-\hat{\gamma}^{2}}\frac{h_{1}}{h_{0}}+\frac{h_{2}}{h_{0}}$ .
$\sigma$ $\hat{\gamma}$ (-;1 $\gamma_{2}$ $C_{2}x^{2}+C_{1}x+1$ )
$2 \sigma=\gamma_{1}+\gamma_{2}=-\frac{c_{1}}{c_{2}}$ , $2 \hat{\gamma}=\gamma_{1}-\gamma_{2}=\frac{\sqrt{C_{1}^{2}-4C_{2}}}{c_{2}}$ , (26)
25
$c_{1}= \frac{c_{1}}{c_{0}}-\frac{h_{1}}{h_{0}}$ , $c_{2}= \frac{c_{2}}{c_{0}}-\frac{c_{1}}{c_{0}}\frac{h_{1}}{h_{0}}+\frac{h^{\frac{9}{1}}}{h_{0}^{2}}-\frac{h_{2}}{h_{0}}$ . (27)
$c_{g}$ $h_{j}(j\geq 2)$
$\frac{c_{j}}{c_{2}}=\frac{(h_{j-2}/h_{0})-2\sigma(h_{J}-1/h_{0})+(\sigma^{2}-\wedge\wedge/^{2})(h_{j}/h_{0})}{1-2\sigma(h_{1}/h_{0})+(\sigma^{2}-\hat{\gamma}^{2})(h_{2}/h_{0})}$ $(j\geq 3)$ . (28)
1 $|C_{1}|,$ $|C_{2}|$ $|C_{1}^{2}-4C_{2}|/|C_{2}|^{2}$
$\frac{|c_{1}|}{|c_{0}|}-\frac{1}{\eta}\leq|C_{1}|\leq\frac{|c_{1}|}{|c_{0}|}+\frac{1}{\eta}$ ,





$|h_{j}/h_{0}|\leq 1/\eta^{j}(j=1,2, \ldots)$ $C_{1}^{2}-4C_{4}=$
$(c_{1}/c\mathrm{o})^{2}-4(c_{2}/c\mathrm{o})+2(c_{1}/c\mathrm{o})(h_{1}/h\mathrm{o})-3(h_{1}/h_{0})^{2}+4(h_{2}/h_{0})$
2 $|\sigma|/\eta<<1$ $|\sigma^{2}-\hat{\gamma}^{2}|/\eta^{2}\ll 1$
$\frac{1-2|\sigma|/\eta-|\sigma^{2}-\hat{\gamma}^{2}|/\eta^{2}}{1+2|\sigma|/\eta+|\sigma^{2}-\hat{\gamma}^{2}|/\eta^{2}}\leq\frac{\eta}{d}\leq\frac{1+2|\sigma|/\eta+|\sigma^{2}-\hat{\gamma}^{2}|/\eta^{2}}{1-2|\sigma|/\eta-|\sigma^{2}-\hat{\gamma}^{2}|/\eta^{2}}$ . (30)
(28) $R_{j}$ $R_{j}$ $|hj^{7}/\mathrm{h}0|\leq 1/\eta^{j’}(j’=j, j-1,j-2)$
$j$ $0<r<1$ $r$
$[(1+r)/(1-r)]^{(1/j)}\leq(1+r)/(1-r)$ $|c_{j}/c_{0}|=|R_{j}|^{1/j}$
$1/\eta=|h_{j’’}/h_{0}|^{1/j’’}$ $j”$ $j=j”+2$ $|(h_{j’’}/h_{0})-2\sigma(hj’’+1/h_{0})+$
$(\sigma^{2}-\hat{\gamma}^{2})(hj^{J\prime}+2/h\mathrm{o})|\geq(1/\eta^{j’’})\cdot(1-2|\sigma|/\eta-|\sigma^{2}-\hat{\gamma}^{2}|/\eta^{2})$ (28) $/c_{2}|$
$0<r<1$ $\lfloor(\lceil 1-r)/(1+r)]^{(1/j)}\geq(1-r)/(1+r)$ $1_{J}\backslash$
43
$\alpha_{\mathrm{c}}’$ $c_{2},$ $c_{1},$ $c_{0}$
$|c_{1}/c_{2}|^{2}<|c_{0}/c_{2}|\prec\Rightarrow|c_{1}|^{2}<|c_{2}c_{0}|$ . (31)
$e$
$e\mathrm{d}\mathrm{e}\mathrm{f}=\mathrm{n}_{\grave{\mathrm{A}}}\mathrm{a}\mathrm{x}\{|c_{1}/c_{2}|, |c_{0}/c_{2}|^{1/2}\}=|c_{0}/c_{2}|^{1/2}$ . (32)
$C(x)$ $C(x)\mapsto\overline{C}(x)=C(dx)/c_{2}d^{2}=\overline{c}_{m}x^{m}+\cdots+x^{2}+\overline{c}_{1}x+\overline{c}_{0}$ $\text{ }$
$\overline{e}=\min\{|\overline{c}_{1}|, |\overline{c}0|^{1/2}\}$
$\overline{e}=e/d$
5R-i 1 $\overline{R}_{\mathrm{i}\mathrm{n}}$ e- $e/d$ 3 $y^{3}-(1-2\overline{R}_{\mathrm{i}\mathrm{n}})y^{2}+$
$\overline{R}_{\mathrm{i}\mathrm{n}}(2+\overline{R}_{\mathrm{i}\mathrm{n}})y+\overline{R}_{\mathrm{i}\mathrm{n}}^{2}$ 3 R-i $\eta\min/d$ $\langle$ $\eta\min$ $\eta$
1 ) $e/d<0.03$ $|c_{1}|^{2}<|c_{2}c_{0}|$ $\text{ }$
$| \gamma_{1}-\gamma_{2}|^{2}>\frac{|c_{1}^{2}-4c_{2}c_{0}|-2|c_{1}c_{0}|/\eta_{\min}-7|c_{0}|^{2}/\eta_{\min}^{2}}{(|\mathrm{C}_{2}|-|\Gamma^{-|c_{1}|/\eta_{\min}+2|c_{0}|/\eta_{\min}^{\eta})^{2}}}.\cdot$ $(33\rangle$
2\S
$e/d<0.03$ $\overline{R}_{\mathrm{i}\mathrm{n}}<0.0621\cdots$ 3 3
$C(x)$ (24) $|\gamma_{1}|,$ $|\gamma_{2}|<\overline{R}_{\mathrm{i}\mathrm{n}}d$ $|\sigma|/\eta<\overline{R}_{\mathrm{i}\mathrm{n}}(d/\eta)$ $|\sigma^{2}-\hat{\gamma}^{2}|/\eta^{2}<$
$\overline{R}_{\mathrm{i}\mathrm{n}}^{2}(d/\eta)^{2}$ $y=\eta/d$ (30)
$\frac{y^{2}-2\overline{R}_{\mathrm{i}\mathrm{n}}y-\overline{R}_{\mathrm{i}\mathrm{n}}^{2}}{y^{\underline{9}}+2\overline{R}_{\mathrm{i}\mathrm{n}}y+\overline{R}_{\mathrm{i}\mathrm{n}}^{2}}<y<\frac{y^{2}+2\overline{R}_{\mathrm{i}\mathrm{n}}y+\overline{R}_{\mathrm{i}\mathrm{n}}^{2}}{y^{2}-2\overline{R}_{\mathrm{i}\mathrm{n}}y-\overline{R}_{\mathrm{i}\mathrm{n}}^{2}}$ .
$\overline{R}_{\mathrm{i}\text{ }}=0$ $y=1$ $\eta\min$ (29)
$\eta$ $\eta\min$ (33) $\text{ }$
3 $e/d\geq 0.03$
$| \gamma_{1}-\gamma_{2}|\geq 0.03d\cdot\frac{\sqrt{3-2\epsilon-7\epsilon^{2}}}{1+\epsilon+2\in^{2}}$, where $\epsilon=0.0442\cdots$ . (34)
$\gamma_{1}$ $\gamma 2$ (30) $\overline{e}=e/d=0.03$
( 1/9 ) $|c_{1}/c_{2}|\leq 0.03d,$ $|c_{0}/c_{2}|=(0.03d)^{2},\overline{R}_{\mathrm{i}\mathrm{n}}=$
$0.0621\cdots$ , $\eta\min/d=0.678\cdots$ $( \epsilon=\overline{e}\eta\min/d=0.0442\cdots)\text{ }|c_{1}^{2}-4c_{2}c_{0}|$ $|c_{1}^{2}-4c_{2}c0|\geq$
$|4c_{2}c_{0}|-|c_{1}|^{2}$ (33) $\overline{e}\in[0,1]$ (33)
$|c_{1}/c_{2}|$ (34) $\text{ }$
[ ] T. Sasaki and F. Kako: An algebraic method for separating close root clusters and the minimum root
separation. Preprint (16 Pages), Jam. 2005.
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